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(57) Abstract 

^ for the separation of the liquid portion of blood from the cclhilar compaicnts of blood comprising: a pad of porous material 
(12) pcmieable to the liquid portion of blood but capable of trapping the cellular components of blood; a substrate supporting the pad (16); 
and means (14), attached to die pad, for faciUtating the flow of the liquid portion of the blood; (1) through intcistices around the trapped 
ceUuIar components of the blood and (ii) from the pad of porous material. TTie separation of the liquid portion of blood from the cellular 
components of die blood occurs by flow tiirough tiie pad of porous material without significant hemolysis. The device can be incorporated 
mto a device for tfic performance of specific binding assays such as immunoassays. The pad of porous material can contain an aggludnating 
agent such as a Iccdn or an anti-blood ccU antibody, or a carbohydrate such as mannitol. Other devices and methods for the separation of 
the liquid portion of blood from die cellular comp<xients of the blood are also disclosed. 
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DEVICES AND METHODS FOR SEPARATING CELLULAR 
COMPONENTS OF BLOOD FROM LIQUID PORTION 
OF BLOOD 

BACKGROUND OF THE INVENTION 
This invention is directed to methods and devices for separating 
cellular elements of blood from the liquid portion of blood, particularly in 
connection with the determination of characteristics of blood samples. 

Among the many analytical systems used for detection and/or 
5 determination of analytes, particularly analytes of biological interest, are 
chromatographic assay systems. 

Such chromatographic systems are frequently used by physicians 
and medical technicians for rapid in-office diagnosis and therapeutic monitoring 
of a variety of conditions and disorders. They are also increasingly used by 
10 patients themselves for at-home monitoring of such conditions and disorders. 

Among the most important of such systems are the "thin layer" 

. system in which a. solvent moves across^a thin, .flat absorbent jnedium-^ Among 

the most nnportant of tests that can be. perforp^ed ^with such, thin layer systems 
are immunoassays, which depend on the^specific mtei^tip^ bl^^en an antigen 
15 or hapten and the corresponding antibody to form antigen-antibody complexes! 
The antigen to be detected can itself be anvantibody, such as in serological assays 
for K pylori'SpcciTic antibody. In such cases, the antibody to be detected can r^* 
also be bound; to a ^specific antigen. Altertiatively^.the antigen to be detected, can V 
be detected indirectly by using a labeled second antibody that binds to the -first 
20 antibody to the analyte to be detected:^ T^se? immunoassays as a means for''- 
testing for the' presence and/or amount of felmcally important molecules h^ve 
been known for some time. As early al^WSis, J.hl. Singer reported thel'use of j 
an inunime^based latex agglutination test for. detecting a factor associated with 
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rheumatoid arthritis (Singer: et ai.... Am. J. Med. 22:888^892 rr956^^tr . • 
Immunoassays have been used with chromatographic methods and devices; this 
combinalipn i^ known asvimm 
V ^.; : Imta 

5 "sandwich" and "competitive," according to the nature of the antigen-antibody 
complex tO;be .detected.and;the sequence of reactioiis required- to produce that 
complex... v." ■ i'"^:.?-. v.; : l.:r:: : . - :> 

. ' Examples of sandwich immunoassays performed on test strips are 
described by U.S. Patent No. 4468,146 to Grubb et al. and U.S. Patent No. 

10 4,366,241 to Tom et al., both of which are incorporated herein by this referetice. ^ 
' r In competitive iminuhoassays, the disclosing reagent is typically 
coupled to an analyte or analyte analog which competes for'bindirig with an 
antibody with any utdabeled aiiiaiyife present in this sample. Competitive 
immuiioassiays >are typically used for -detectidii of- analytes such as haptens, each 

15 hapten being monovalent and capable of binding only one antibody molecule.' 
Ex^unpies of hapt^ itzciude thetapcnitic -drugs such as theophylline and digoxin 
and'dnigs 6f abuse '^ch as'cocaiiid ahHfherbin and-their metabolites. 'Examples 
of competifive inuoumoassay devices ate those disclosed by U.S . Patent No. ' 
4,235;601 to Deiitseh et al., U^Si Patent No. 4*442,204 to liottia, and U.S. 

20 Pateiit^Nol - 5,208,535 to Bu^^hler^ et -ai. v all of which are incorporate herein by 
this-r^feifencci ' - - , / • ' -v'l 

■j\ V: One of the sampled mdst -frequently assayed for an analyte using 
test strips or -similar devices is blood. Most typically,^ the analyte to be assayed 
is a soluble component in the -liquid portion of blood, i.e., serum or plasma: ■ 

25 The cbiiipositions of the two are similar, except that serum, obtained from a 
blood sampl^ that has been allowed to clot, is lacking in fibrinogen and certain^ 
other clotting -factors' that are depleted as a result of the clotting process. 

Most typically ,' the cimician or technician will draw a blood 
.sample, which is often a^ fairly small sample. It would be preferable to be able 

30 to use the entire blood sample for the assay, avoiding the necessity of a bulk 

preparation of serum or plasma from the blood sample. However, with most test 
strips and similar analytical devices, the use of whole blood as a sample, or even 
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a blood samplcftpm which the cellsi. particularly, the erythrocytes; haive been 
partially,:KauoYed:, is undesirable.v,/ i;" • '^y-- . v"- . *: *- 

The blood cells, particularly, the erythrocytes, first slow thejflow 
of^serumior plasiHa. along the membrane and: ultimately stopdt byi clogging the 
5 pores;Qf.tllQ> mem}3rane. < > This results in; an mvalid test. Tbe migration of 'red 
blood oells oriother blopd cells can 2Qsoy:createvhigh.b*aEkground& or otherwise 
interfere with the performance of the test carried out by die assay device/ '^i .i^ 
AlthougtLblopd cells can be removed: by filtration through microporous filters, 
the action^of such filters is geqendly too siow^tb permit:.efficient assay of cell- 

10 free -blood.. -^^ - , nu>- x ' .^i-r' ^iP,* 

: ^Additionally; r.eVen if the bloodxelis are effectively' removed, 
methods for doing sp-frequQutly result Jn. hemolysis, lie occuni^ of . 
hemolysis is .undpsirabl?;:beGause^.it^ r^^^ u >. 

hemoglobin^ , other, pignjenjs, .;and; sttomat^ into, the pell-free portion of Wood, n i 

15 This causes interference with m .. - r, ;: ^\;:ir; vtr. 

: VanpiK^ mefeods forthe sep^ 

portipn-ofbloojd are described, for exai^iElQKilirll.S, :P.atent NQ;ir3:i768.,97S;tob'/. 
Gnibb et aL„y.Si patent No. 3,;9Q2,§^ to Gteenspm,:U^^ 
4,477,575.to Vogel et.al.i,'U;S..Patent Noi,4:,5S4v.372.:tQ:Zi*v:U;1S.^Pat$&tiS^^^^^ 

20 4,753„776 jpJEBltaqan et; al., U.3. Patem Nor.4iM!S;224.to VogciKpt::^;^; .I}.fS,*rI 
Patent No. 4,933,092 to Aunet et al., U.S. Patent No. 5,055,195 to JiRi^Ji etrr 
al.:, U.S. Patent No. 5,0«,541 ,to^Ien£;et .aj^.. U-S.-Pat^pt No. S.076,925 to 
Roesinki.et al., U.Sv. Patent l!lQi:5,118,4?8 to-Sand^etialM.U.S^'Patent Nptj., 
5,118,472ito Tanaka et al., U.:?.; Patent Nq. ^.,.130,258.:^^ 

25 Patent No. 5,135,7.1? to Hilhnan et:^>,.U;.S,j I?ate.nt:Np.^^^ 

al., y.S. Patent^No;: 5,212,ft6p to Madjdpx^etjO,, H,S^.^.P^^ Np: 5,240,862 to 
Koenhen et al,^ U.S. Patent No,:5,262,Q67 tp. V^^iik^et aLvU,Sv:Patent: : : 
No. 5,306,623 to IGser et al,, 11.5. Patent Ng. .5:,3.64;533 to Ogura et al.. and 
U.S. Patent No. .5^397,479 'to Kass et aL ,, all. of which are incorporated herein by 

30 this reference. , . . ■;. . • > 
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" However, there is still a need for an iihprdved method of 
separation of the* cellular components of blood from the liquid poitiori of blood 
for rapid and accurate assay of abalytes~cdntaihedin-&e liquid portion of blood.' 
Particularly, there is a need for an integrated device that incorporates both an ^ 
5 assay elemehrand mesins for separating ^e liquid pbrtions of blood from the 
cellular components of blood so thiiat an analyte present in the Uquid portions of 
blood can be assayed readily in a single device. Such an improved device would 
av6id the necessity of a preliminary extraction of seriim or plasma with its 
attendant necisssity of safe disposal of the blood fractions. This has become a 
10 serious prbbleni diae' to the increased spread of blood-borne diseases such as 

hepatitis and AIDS: ' An imprdv&i' device would be capable of direct assay of the 
desired analyte when a whole blood samjple is ajpplibd to the device, 

- Preferably, such a device ^tioulid be able to peifonn a broad range 
of imniiuidassays; including both sandwich and competitive immunoassays. 



15 



SUMMARY 



.fc have developed devices and methbds for separating the liquid 
portions of whole blood from the cellular components of blood, as well as assay 
devibes 'and methods' for their like, diat meet these needs. ~' 
20 'One k^p&t of tte dbvice is a device for sepsurating the liquid 

portion' bf blood from the celliiiar cdnipdnents of blood comprising: 

^ ' ' (1) a pad of poroiis materisii permeable to the liquid portion of 
blood but capable of trapping the cellular components of blood; 
* * (2) a substrate siippdrtihg the pad; and 

25 ' - ^^y^ means, attached to the pad, for facilitating the fldw of the 

liquid portion of the blood: (i) through interstices' around the trapped cellular 
components of thb blood within the pad and (ii) from the pad of pK>rous material. 

Thes separatidh of the Uquid portion of bfo^ 
components of the blood occurs by flow through the pad without significant ' 
30 hemolysis/ - • * • > . . „ . 
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_ , ,^ Typically, the pad of porpus material contains a binder for the 
cellular pomppnents of bipod. If tl^e . binder, is an antirblp(xl;cell.antibody, it is , 
preferably an anti-erythrocyte antibody. If the binder is ^ lectin, a number .o£ 
types of lectins are suitable for. 1^^^^^ . , " ^ • r * • 

5 . ^Alternatively, the.pad canbe imp^^^^^ 

capablejOf aggregating blooij cells.. A.numberotcarbqhydijates.are. suitably for, 
use.,. Preferably,, .the carbohyidrate is.^laI^^tpI. . . . . 

, The pad of porous material^ }n this deyice.can include two sectors: 
(i) a first sector. permeable to both the liquici,pjortipn|Of^ blood and the celljalar. 
10 components of blood; jmd (ii) a second sector peOTeable to the;. liquid pcfrtion.of 
blood but capable of binding the. cellular cpn^pQiients of blood; . . ^ , 

Alternatively, the pad of pprpqs, toaterial .penn^able, to.ft^ ^S^W 
portion of blood but capable^ of trapping the cellular cpn^]p.onents of blood can 
include therein an asymmetric membrane^ with^ a fint .^ur^ce^and a . i$ecopd.. . , 
15 surface, the membrane having a gradient of pore sizes such that the pore size 
decreases from the first surface to the secpnd surface, the asymmetric membrane 
capable of dapping^ the cellular cocaponents. pf bloody within i^ and allowing the 
liguid components of blood to pass througlj,,... ^.^.j , , . j . 

The means, attached to the p^cl* fj^J^ f^P^^^^&.tbe flowr pf ,the.,.,, 
20 liquid pprdpn pf the b}opd typically, includes tfaerpin membrane for ^ , 

chromatographic separation;. .the men]brai^&.for.p|^^ sqparatioa.^. 
typically has a captui]^ zone Aere.on for binding, a m^ber of a specific binding 

This device, and other a^i^ogpus deyices described below, can be 
25 used in a method of separating the liquid portion of blood from the cellular 
components pf bipod. If a membrane for chjpmatographic.separatipn is ^ , 
included, the device can be used in a method for performing an assay, for 
detecting and/or determining at. least one aplyte ..in the liquid pprtion of a blood 

sample, . , , ,^ ...... . -> _ , ..r.- . . 

30 One aspect of the present invention is a device for separating the , 

liquid portion of blood from the cellular components of blood comprising: 
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' (1) a' fifst pdroiis separating matrix penneabie to the liquid portion 
of blood but capable of trapping the cellular cbmpbnentis of blood; and 

(2) a second porous matrix in. operable contact with the first 
porous separating matrix that pferinits'the liquid portion o3f the blood to flow'by 
5 ' caipillary action or chromatographic separation through the second porous matrix. 
' The separation of the liquid portion of blood from the cellular 

components of the blood occurs by flow through the first and second matrices 
without significant hemolysis. 

Ill this version of the device accordinjg to the present invention, the 
10 second matrix is tyjpically a membrane for chromatographic separation, thus 
produciiig- an assay device.' The membrane for chroiniatbgraj)hic se^ 
typically has a capture zbiie thereon fdr binding a member of a specific binding 
pair.'* • ••" " ' -'^'j- -• ■-*• • •■ 

' ' If the secoiid matrix is ia membrane for chromatographic 
15 separation,' a medibd for peif brining ah assay for detecting and/or determining at 
least bhe analyte in^e liquid pdrtibn of a blood saiiiple can cbmprise the steps 
of: ' - - ' • ^ ' - ^ ' ' ■ ' " .. • ' 

(1) applying a saniple of blood to the first porous sepiarating 
matrix of the device; ' . ' ' 
20 ' ' (2) allowing the'blbdd sample to 'flow thioiigh the first porous 

seiparatiilg inabrix to separate' the li^id portion o5f the blood sample from the 
cellular com!^onents of the blbbd sample; 

' (3) facilitating the flow of thi^ liquid portion of the blood through 
the interstices around the trapped cellular components of the blood as a result of 
25 the action of the second matrix; and ' * 

(4) allowing the liquid portion of the blood to flow through the 
second riiaitrix so that ah assay is performed in the second matrix, the assay being 
performed by binding a meihber of a specific binding pair to the capture zone of 
the second matrix to detect and/or determine the at least one analyte. 
30 The first separating matrix can be ian asymmetric ihembrane with a 

ifirst 'surface stnd a second surface: The membrane has a gradient of pore sizes 
such that the pore' size decreases from the first surface to the second surface; the 
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.asymmetric membrane is capable of .trapping Ae qeUu^ components of blood 
within it and allowing the liquid cpmponoits^ of .blopd to pass, flirough. 

, . ^ : . Typically, the, device further comprises. an impermeable solid 
support-to which the second, matrk is, 
5 jYet another aspect of the inyentipn -is a.deyice for the separation of ' 

the liquid.portion of blood fro;m % cellular compojcent? ©^^^^ comprising 
three matrices.. Such a device can comprise: , . ^ | i - p., - 

(1) a first porous separating matrix penneable tpjie Jiquidiporf^ 
of blood bm capable of trapping the ceUular component3 of .hlpo^; 

10 (2) a second pprpus.separating matrix in with the 

first porous separating matrix pennesdbl^ . 
capablj? of trapping, the cellular conippqents of .blood; and , , • . . . * ; . - 

(3) a third porous matrix in operable contact with the second . 
porous sepju-ating matr^ tha^t penpits the liquid.p^paof. the blood to flow by 
15 capillary action or chromatographic jsep^ration through, the second porous matrix. 

. Thie .separation ^pf the liquid portion of the blood from.the,,cellular 
components of the blood occurs by flow through the first and second porous 
separating m^tripes without significant, hemplysis. . 

Yet another embodiment of a device according tQ^thq.present . ^ ,^ 
20 invenlipn has njultip^. secopd.^oroiu. matrices. deyice cpmprises: 

, (1) a fint porous slanting m^jtzix^^ the .liquid..p^pn 

of blood but capable of trapping the cellular, cpmipoj^ents of blood;, and, ... , ^ 

(2) at. least two s^copd pproys,n»trip.es,,e^h second porous 
matrix, in operable contact with the Jirst.pp^pus.sepMajdng ma^^ 

25 liquid portion of the blood to flow by capillary action or chromatographic 
separation through the second porous matrix., , , , . , , 5.. , 

Still another aspect of die present, invention is a. two-component , . 
device for separating the liquid portion of a blop4..sapiple from the cellular 

components. This device ^comprises: 

30 , (1), a first opposable component including: 

(a) a first porous separating matrix permeable to the liquid 
portion of blood but capable of trapping thQ cellular components of blood; and 
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tb) a second porous matrix in operable contact with the first 
porous separating niatrik that permits the liquid portion of the blood to flow by 
capillary action or chrbmatoigraphic separation through the second porous:.matrix; 
■ ^knd' ■ ' ' ' ■ ' ' ' •■ • • ■ 

5 ' ' (2) a second opposable coniipdnent attachable fo the first opposable 

component such'^that the first and second opposable components can be brought 
into opposition to transfer fluid from one of the opposable components to the 
• other by pressure. 

The separation of the liquid portion of blood from the cellular 
10 cbmponerits of the biood occurs by flow thix)ugh the first and second matrices of 
the first Opposable component without significant hemolysis! 

The second opposable component can include a sample preparation 
zone, which can include at least one reagent for treatment of the sample or a 
spedfic binding partner labeled with a detectable label, the specific binding 
IS parmer having spec^c'tiindmg affinity for at least one component selected firom 
the ahalyte aiid a specific binding partner for the analyte in a form that can be 
resolubiiiz^ by the addition'of an aqueous sample to the sample preparation 
zone. r . ^ 

A twoHComjponent device particularly adapted to bidirectional 
20 assays cm "coiiprise: 

' (i) a first opposable coinpdnent including: 

(a) a first porous separating matrix permeable to the liquid 
portion of blood but capable of trapping the 'cellular "components of .blood; and 
" (b) a isecohd porous matrix including a membrane for 
25 chromatographic separation in operable contact with the first porous separating 
matrix that periniis ihe liquid portion of the blood to flow in a first direction by 
capillary action or chrobaat'ographic separation through the second porous matrix; 
and 

(2) a second opposable component attachable to the first opposable 
30 component such that the first and second opposable components can be brought 
into opposition to transfer a reagent from the second opposable component to the 
first opposable component by pressure such that bringing the first and second 
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opposable components into opposition causes the reagent transferred from the 
second .opposable cpmponent to the first opposable component to migrate through 
the. second porous matrix in a second direction, opposite to the first ciirection. 

In this version, the separation of the liquid portion of blood from 
5 the cellular components of the blood occurs by flow through the first and second 
matrices of the first opposable component^without significant hemolysis. 

^Another aspect of the present. invention is a method for, separating 
the liquid portion of blood from the cellular components of blood comprising the 
steps of: ^ t . - . ; . ./ 

10 . . , . .(1) adding a cross-linking substance for the qellular C9mpo.nents,of > 
blood to a sample of whole blood, the cross-linking substance being, selected 
from the grou^ cQnsisting of a Ijectin,. an anti*:bloo.d cell antibody, and a 
carbohydrate capable of aggregating, blood cells; 

(2) mixing the cross-linking substance and the blood sample to. . 
IS form .a nuxture of the cross-linking substance 2u^^ 

(3) applying the mixture of the cross-linking substance and the 
blood sample to a device for separating the liquid portion of blood from the 
cellular components of blood, the device comprising: 

(a) a pad of porous material permeable to the liquid portion 
20 of blood but capable of trapping the cellular components of blood aggregated by .^^ 

the reaction between the cross-linking substance and the blood sample; 

(b) ,a substrate supporting the pad; and 

(c) means, attached to the pad, for facilitating the flow of 
the liquid portion of the l>lood: (i) tiux)ugh interstices around the trapped cellular 

25 components of the blood and (ii) from the pad of porous material, whereby the 
separation of the liquid portion of blood frpm jhe cellular components of the 
blood occun by flow through the pad without sigxiificant hemolysis; and . 

(d) allowing the liquid portion of the blood to flow through the 
pad to separate the liquid portion of the blood fipm the cellular components of 

30 the blood. 
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"Preferably / the method further comprises adding an anticoagulant 
together with the cross-linkinjg siiKstance. Typically, the anticoagulant is heparin 
or EDTA. 

Preferably, a concentration of cross4inking substance is used that 
5 is'sdfficitot to cross-link substantially all cellular elements of blood. 

An alternative method for separating the liqiud portion of blood 
from the cellular components of blood comprises the steps of: 

(1) adding a sample of blood to a capillary tube coated with a 
cross4inkihg substance as described above; 
10 (2) allowing and cross-lmking substance to dissolve in the 

blood sample to form a inixture of the cross-linking substance and the blood 
sample; 

(3) applying the mixture of the cross-linking substance and the 
blood sample to a device for separating the liquid portion of blood from the 

15 cellular components of blood as described above; and 

(4) allowing the liquid portion of the blood to flow through the 
pad to separate the liquid portion of the blood from the cellular components of 
the blood. 

Preferably, the capillary tube is also coated with an anti-coagulam. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS " 
These and other features, aspects, and advantages of the present 
invention will become better understood with reference to the following 
description/ appenided claims, and accompanying drawings where: 
25 Figure 1 is a drawing of a device for separating the liquid portion 

of blood from the cellular components of blood, employing a pad oif porous 
material; 

Figure 2 is another drawing of the device shown in Figure 1, 
showing the migration of blood through the device; 
30 Figure 3 is a drawing of another embodiment of an assay device 

according to the present invention employing a porous pad with two sectors; 
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Figure 4 is a drawing of another embodiment of a. device for 
separating the liquid portion of blood from the. cellular components of blood, 
employing three matrices; 

Figure 5 is a drawing of yet another embodiment, an assay 
5 device according to the present invention with two second matrices, which,can 
incorporate assay elements; 

Figure 6 is a drawing of aw.emf)p^iment of a two-c^^ 
device according to the present invention; 

Figure 7 is' a drawing of another embodiment of 
device according to the present invention; and 

Figure 8 is a schematic diagram of a method according to the 
present invention for separating the liquid portion of blood from the cellular 
components of blood, employing off-board seppation, with blood bemg added to 
a capillary tube contaiiiing a cross-linking substance for the cellular components 
15 ofblood.''*' 1.-^, A.. . . 
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DESCRn>TIQN 



Definitions 

20 In the context of this disclosure, the following terms are defined as 

follows unless otherwise indicated: 

Specific Binding Partner: A" me^ that 
interact By means of specific non-covalent interactions that depend on the three- 
dimensional structures of the molecules involved. Typical pairs of specific 

25 binding partners include antigen-antibpdy, hapten-antibody, hormone-receptor, 
nucleic acid strand- complementary nucleic acid strand, substraie-enzyme, 
substrate analog-enzyme, inhibitor-enzyme, carbohydrate-iectin. biotin-avidin, 
and virus-cellular receptor. 

Operable Contact: Two solid components are in operable contact 

30 when they are in contact, either direcdy of Indirectly, in such a manner that an 
aqueous liquid can flow from one of the two components to the other 
substantially uninterruptedly, by capillarity or otherwise. "Direct contact" means 
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that the two eleinents are in physical' coiatact, such as edge-to-edge or front-to- 
balck. Typically; wheii two coiiipbhents- are in direct contact, they aire overlapped 
with an' overlap of about 0.5 irimLtb about 5 iximl However, the" components can 
be placed with abutting edgeS; ' "Indirect contact • meaiiis that the two 'elements • ' 
5 are not in physical contact, but are bridged by one or more conductors. 

Analyte: The term "analyte" includes both the actual molecule to 
be assayed and axialogs and'derivafives thereof when such analogs and derivatives 
bind another molecule used in the assay in a manner substantially equivalent to 
thatbfth^analyte itself. ^ - ' ^ ? : ^ • 

10 Antibody: The term "antibody" includes both intact antibody 

molecules of the appropriate specificity and antibody fragments (including Fab,! 
F(ab ' ) , and - F(ab ')2^ fragments) as well as chenucally nibdified intact antibody 
molecules' aiid antibody fragments; including hybrid- antibodies assembled'by in 
Vitro reassociatibn of subiiiuts^ and -su^e-chain antibbdy molecules produced by 

IS genetic'enguieering. Also included witiun'the deflilition iue anti-idiotypic 
smdbodieis that specificaUy bind' adtigeh-combin^ sites of antibodies. 

Without Significant Hemolysis: The term "without sigiuficant 
hemolysis" means the absence of hemolysis to a degree such tiiat the resulting 
pladxia'SFsefum' shows no apparent redness against a white background by visual 

20 inspection. : >: u . k v • ;^ : r ... ; 

Supported: The term "supported" can ihcliicie either directly or 
indirectly supported, as dir^^ a solid substratci or indirectly by a solid 
subrtiate' through one or ihorc^ m . 

Croisis-iinkihg Substance: The term "cross-linking substance" is 
25 used generically herein to include isubstahces that are capable of cross-linking, 
agglutinating, or aggregating the cellular components of blood. Specifically, this 
term includes lectins and ianti-blood cell auitibodies, as well as catbohydrates that 
can aggregate blood cells by making them adhesive and causing them to clump . 

'• Methods and devices 'according to the present invention use one of 
30 two techniques for separating the telliiiar el6imeh& (formed elements) of blood * 
from the liquid portion of blood (serum or plasnia, containing the soluble 
elements), for use in an immunochromatographic test format. 



wo 96/35952 , PCTAJS96/0fr398 

, The first qf these te^chmques as a^^^ celluJar i: 

element of bloody from the liquid portion ^of blood: on; or ai&:ap integral part, of ' 
the test 45ryjcCi referred to, genej^ly ,aSjOnTboaa:dvBroc«^ - 
these, techniques is , separation^ or blood SMnplc: processing before -th^ sample.is : 
5 added to the. test device, referred to generally as. pffTboai-^iproce^ing, ; • . y,. 

I DEVICES, AND. METHODS FOR QN-BOARD PROCESSING 

.: . I A, General pescription-of On-Board Processing s . . h r . j : 

One aspect of the present invention is devices:forjsepara|ting^the..; 
10 liquid, portion of; blopd from the cellular cpmpp^epts/ of blood ,09 or as an 
integral part of ^ the.test device. ^The wUularGomp^oneijte-jof jbl . y 

erythrocytes (red blood cells),, leukocytes (wUte blood vcells), andj platelets. The . 
liquid portion . of , the blood incluxles tiie>ipinaiider of the blQ^ g^^r^y ^ 
known.as serum if. the blood haSyClottecl^ fqnning^a;Xlot-cpntain^ 
15 blood cells. It is.gene;rally known as plasn^ if it-is obtained from und^ 

blood. The inajor,iiigri^ienf present in.phsmj}utabsent in.s^^ fibrinogen, 
the precursor of. fibruL' j n ■ ' v; • • • • ..vt 'W 

.^^ In general, such a deyic^compm^^ la.- u ^-;/iJiiw. 

, ^ (1) a pad of porous, material, permeable tOvthe ligu}dj)oition,qfo^^ 
20 blood but capable of trapping the cellular components of blood; i;.::; j 5^c.' t 

(2) a substrate, supportm >-. .rK,'i 

(3) means, attached to., the P|d, for fecilimtmg tiie^flqwj p 
liquid portion of the blood: (i^ .tiirough, interstice. aroip^d. cellular.. . 
components of the blpod,and (iiX from the pad- pf porous ■material^ 

25 In general, a method for. separating, tiie l^^^^ . 

from the cellular components^ of bipod using tiiis-device ^com^^ . ; , . 

(a) applying. a s,ainple of bl(^ tp the.pad^,^^^ 
the device^ . .J ; ^. ^..^..-j.^-^ ^i.=-i;r.; , 

. ♦ i: • (^)/ allowing the bipod sample to flow through the pad of porous 
30 material to sep.arateNthe liquid poition . of the- blood sample from the cellular 
component^ of thje blood sample; and , 
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- " ' (c) facilitktmg the flow of the liquid poftion of thie blood through 
the intemices 'around the ti^pped celliilar components of the blood and from the 
pad of porous material.''* ' ' * • ^ * > . • 

Various arrangements aiid elaborations of this device are wittiin 
5 the scope oiT die present mventioii, as described furtifier below. 

'' - " Tlie separation of the'liquid pbrtion of blood from the celMar 
components of the blood" occurs by flow through the pad without significant 
hemolysis. ' ' 

Typically , Sie'substrkte is a solid, substantially planar substrate'. 
10 Typically^, the'flbw through the' pad' occurs in a direction' substantially parallel to 
or along the substitute. 

' The means, attached to the pad, for facilitating the flow of the 
liquid portion of tie blood can include therein a membraine for chromatographic 
separation; typicaliy, the membnuie has a capture zone thereon for binding a 
15 member of a specific biniiing pair. In this arrangement, the device can be used 
in a method for pefformihg an assay for detecting and/or determining at least one 
analyte in the' liquid portion of a blood sample comprising the steps of: 

(1) applying a sample of blood to the pad of porous material of 

the device; 

20 (2) allowing the blood sample to flow diroiigh the pad of porous 

material to separate die liquid portion of tlie blood sample from the cellular 
cbmpohenls of the blood sample; 

(3) Ifaciiitatihg the flow of the liquid portion of the blood through 
the interstices aroimd the tra^jped celiiilaf components of th^ blobd as a result of 

25 the action of thie 'means attached to the pad; a^^ 

([4) allowing the liquid portion of the blood to flow through the 
chromatographic medium so that an assay is performed in the chromatographic 
medium, the assay beirlg perfoiraied 6y binding a iriemte^^ a specific binding 
pair to the capture zone of the chromatographic medium to detect and/or 

30 determine the at least one analyte. 
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The conditions that are optimal, for the performance of such 
assays, such as the. choice of the member. of the specific binding pair,. the. use of 
buffers or salts, the time, required, and-the optimum temperature, are, weU known 
in the .art and need not be described further here. 
5 The porous pad, also referred to, ^s^a sample p^ because .the 

sample is typically applied to it, can.be a,woyen or non-woven fabric, paper, 
cellulose, glass fiber, polyester, other polymere, or jmxtij^ to 
retain the cellular components of blood. The porous pad typically has a,l?inder . 
for the cellular componjsnts of blood incorporated therein. 

' . . The binder for the cellular components of blood is typically a , . 
lectin or an anti-blood cell antibody. When the binder is an anti-blood cell, 
antibody, it is typically an.anti-erythroc;yte.antib^ Such antibodies are well 
known in the art and need not be described further here. Typically, they are 
obtained by the uijection of red blood cells or fractions from red blood cells into 

15 a different species. If Ae desired antibody is anti-hiB^ 

suitable animals for the production pf such antibodies include goaits, rabbits, 
horses, and sheep. Either. polyclonal or monoclonal antibodies can be used. 
Altematiyely, anti-leukocyte or anti-platelet antibodies can be used alone or m 
addition to the anti-red blood cell antibody if it is desired to ensure removal of , 

20 those cellular components. 

The binder for the .cellular cpmj)onents of blood can be 
noncovalently bound to the sample pad. Alternatively, it can be covalently cross- 
linked to the sample pad; techniques for cross-linking proteins to solid supports 
such as cellulose,, paper, and other typical sample pad materials are well-known 

25 in the art and need not be described further here. The sample pad, containing 
antibodies or lectins, can .be further treated with polyester binders to capture 
cellular elements, as described, for example, in U.S. Patent No. 4,816,224 to 
Vogel et al., incorporated herein by reference. Other types of polymjer binders 
can also be used. . 

30 When the binder is a lectin, typically the lectin is one of the 

following, but is not limited to: concanavalin A, abrin, phytohaemagglutinin, 
limulin, or one of the lectins produced by the following species: Agaricus 
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bisporus, Anguilla anguilla, Arachis hypogaea, Bandeiraea simpUcifolia, 
Bauhinia purpurea, Caragana arborescens, Cicer arietinum, Codium fragile. 
Datura strarnpniimi DMchpsMiflprus, Erythrinascdralloderuiron, Erythrina 
cristagalli, Euonymus europaeus^ Glycirie rnax, . Helix aspersa. Helix p'omatid, 
5 Lathyrus odoratus. Lens culinaris, Lycopersicon esculentum, Madura pomifera^ 
Momordicq charantia. Mycoplasma gallisepticum, Naja mocambique, Naja 
kaouthia, Pers(zau americana,. Phaseolus coccineus) Phaseolus limensis, 
Phaseolus^vulgaris, Phytolacca americarm, Pisum sativum, Pseudomonas 
aeruginosa, Psophocarpus tetragonolobus,.Ptilota plumosa, Ricini4S communis, 

10 Robinia pseudoacacia, Sambucus nigra, Solanum tuberosum, Sophora japonica, 
Tetragonolobus purpureas, Triticum vulgaris, Ulex europaeus, Viciafaba, Vicia 
sativa, Vicia villosa, Vignq, radiata, Wiscum album, and Wisteria floribiinda. 
Leictiiis are proteins produced* by:plants and some animal species that bind 
specifically and non-covalently to sugar groups that are present on the surface of 

15 r blood cells: s : ; ; 

/Preferably, the lectin is capabk of binding both eiytlro 
leukoc3rteS'and is not blood-cell-group specific. Many other examples of lectins 
are known and need not be: described ' further here. • ■ • ' * 
: \ v i. Hi :The pad of porous maiterial c^ alternatively be unpregnated with a 

20 carbohydrate capable of aggregating blood cells, such as the carbohydrates 

disclosed in U.Sj Patent No. :4;678,757 by Rapkm et al., incorporated herem by 
this reference. These carbohydrates inciiidie, but'are not necessarily limited to, 
: mannitoli sorbitol,^ inositol; /S-D-giucdse, a-D-glucose, D(H-)xylose. • - 
-D(+)mannose, D(-)arabinoserL(+)arabinose, D(+)galactose, L(-)xylose. D- 

25 glucoheptosei L-lyxose; lactose; maltbse,'ahd sucrose.' A particularly prefeixed 
carbohydrate is mannitol.^ Although ajpplicants do not intend to be bound by this 
theory, these carbohydrates are believed to act by binding non-covalently to the 
surface of erythrocytes, making them adhesivie and causing them to clump or 
aggregate; ....... 

30 A carbohydrate in solution is applied to a permeable matrix such 

as a non-woven fiber (e.g., cellulose, glass, or polyester) in a concentration up to 
20% (w/v) to produce a treated matrix. The solution can be applied by various 
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means such as impregnation/printing, 'Or splaying to achieve did desired • 
copcentratioui in ther matrix.'' The carbohydrate ftnctioris^as a holding, clumping, 
or agglutinating agent which preferentiially separates^cells from 'the s^^^ 
liquid which is ftiee'to migrate' tlu:ough the ihatrix: ' ^ " • ' * > ■ ' 
5 Theyolume of-blood separatM is a fuhctibn-^ 

capacity of:the treated matrix, ^the. -means; attaehedvto the pad; for-facilifeting the 
flow of the liquid portion of the blood through interstice's airouhd the trapped 
cellular components of the blood aiid from the pad, and the degriee arid area* of 
adherence between the treated matrix and the means for . facilitating the flow of 
10 the liquid'portion of blood. . - ^ ..c.v. . .^. -^ v > 

B. Particular Embodiments of Devices, for: Qn-Boaid Processing ; . 
One embpdiment-,pf, a device for on-board processing according to 
the presem invention comprises: . ^.v.. :« • -Ls: .lii: 

15 (1) a first porous separating matrix permeable to the liquid portion 

of blood but capable of trapping the ceUular; components ;0£:l>Io6d; and 

(2) a.second porous ma^; inoperable contact w^ 
porous separating matrix that pennits the liquM portion of the blood t0 flow :by 
capillary action or chrpmatograpluc^sepax^itiQn ttupugh ithe-^eedhd porous matrix 
20 without signifjamt hqiiolysis. £i:.i'\^v'|>.i. i. vi ^:?,;: w: 

, In this,embo(Ument, .thjs;jsecpp4\por^ 
nieans, attached tO:the pad,: forfacUitajtln^ the Jow^^of/theiUquid portion:of the 
blood through interstices .around the tiappjed^celhildr con^nontsi of the. :blood'and 
from the pad of porous material^ The; second porous niatrix can be a membrane 
25 such as a menibrane suitable for chromatpgraphic separatio 

for such membranes include, but are not limited to, nitrocellulose, cellulose, 
other cellulose derivatives, . nylon, . rayon,: paper^ siliai, polyesters, and 
polysulfones. A generally prefemd material, for 

nitrocellulose. The chromatographic medium can be pretieated or modified as 
30 needed, . . ■ ^ - 
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' This' second porous matrix cin have capture zones' Uiisrebn for 
binding inenibers of i specific' binding pair; such as antigens, haptens; or 
antibodies. For example, the second porous matrix can have, immobilized in 
the capturfe^zone, a first antibody for binding analyte, which is then detected by 
5 meaiis of a lab(^led second antibody in a sandwich reaction. Alternatively, the 
second porous maMx can have an ahtigieh iiximdbilized in the capture zone for 
binding of an antibixiy. More than one capture zone can be present on the saihe 
second porous matrix; if more than one capture zone is present, they can have 
the same or differenrinembers'of a specific biiiding pair bound thereto. If more 

10 than one capture zone is present, one capture zone can be used as k control to 
ensure that the assay has been performed properly. Many arrangements are well 
known in the art and need riot be recited further. The second porous matrix can 
therefore comprise a chromatographic assay element, which can be used for the 
performance of an immxmbchromatographic assay. When the second porous 

15 matrix is a chromatographic assay element, the device is capable of performing 
on-board separation of the cellular component^ of the blood from the liquid 
portion of the blood and an assay for an analyte in ttie liquid portion of the blood 
in a unitary device! The assay can be '^carried out by applying the blood sample 
to the first separadng inatrix'and subsequently reading the result. 

20 Typically, the chrbina^ographic aissay element perfonns either a 

compedtive unmuiioassay or a sandwich immunoassay, as these formats are 
generally KDuown in the art. 

The labeled component bound to the chromatographic medium, in 
the ciase of a sandwich iiximuhoassay, is typically a labeled antibody to the 

25 analytei If the analyte is itself an antibody, such as in the case of an assay for 
the detection oif antibody in human seriun to the bacterium Helicobacter pylori, 
suspected of being the causative agent of stomach ulcers, the labeled component 
can be a second antibody that binds the first antibody on the baisis of species, 
class, or subclass specificity. Class specificity is also known as isotype 

30 specificity,' such as IgG, IgM, IgA, IgD, and IgE for human antibodies. 

Subclass specificity refers to antigenic differences within classes, such ais IgGl, 
IgG2, IgG3, and IgG4, which are subclasses of IgG. It is highly preferred that 
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the labeled specific binding partner, used. for detection, of an .antibody analyte 
binds to the constant region of the antibody analyte, in onier to preyent ... 
interference. 

. . . . In some applications, it is desirable to employ indirect. labjeling. 
5 For example^ iii testing for Giqrdia antigen, .an IgM .antibpdy. can.be used that 
may be difficult to labe;l directly... Ji.that case, a Sjecondaiy specific binding 
partner specific, for the mobile first specific binding partner can be labeled.., . 
Typically, the labeled secondary specific binding partner binds to the antibody 
that is- the first specific binding p^er on the basis of species, class, or subclass 

10 specificity. ^Tie first specific binding, partner has specific binding affinity for the 
analyte. As an alternative to the.use of a secondary specific binding partner, .the 
first specific binding partner can be conjugated to biotin.ahd an^avidinnconjugated 
label can be used. 

When a competitive immimoassay is performed, the label is 

15 typically an analyse or analyte analog. However, other labeling scheines are 
known iii the art; in some of these labeling schemes, the label is a labeled 
antibody to the analyte or a secondary specific binding partner. In some cases, 
anti-idiotypic aiitibodies can be used for competitive immunoassajrs. 

An additional element or elements can be interposed between the 

20 first porous separating matrix and the second porous matrix. .These elements, 
which are Qrpically ponducting, can act as a bridge betw;een the furst porous 
separating matrix and the second porous matrix, i.e, the chromatographic assay 
element. 

Optionally, and preferably, the second porous matrix is fixedly 
25 attached to a solid support that is impermeable. The second.porous matrix can 
be laminated to the support or C2isi onto it. The solid support can be made of 
rnateriads such as plastic or laminated cardboard. 

Such a device is shown in Figure 1. The device 10 includes a first 
porous separating matrix 12,, a second porous matrix 14 in operable contact witii 
30 the first porous separating matrix 12, and a solid support 16. The first porous 
separating matrix 12 has a first surface 18 and a second surface 20. The second 
porous matrix 14 can be a chromatographic assay element. 
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' Ih useV a blood sample '22 is added to the first' surface 18 of the 
first porous separatiiig matrix 12/aild the liquid portion of the blobd'sample 22 
migrates iiitd thb second pordus inatrix ll4 as a result of the contact between the 
secdnd surface 20 of the first jporous separatiag matrix 12 arid the second' pdroiis 
5 matrix^ 14 aftef the cellular elements* are trapped within the first porous 

separating matrix 12, A chromatographic assay Can be performed within the 
second-porous ma64x 14. ^ ^ ' ' ' : i 

' Figure 2 stiows the* device of Figure 1 after the liiqiiid portion of 
the bldod saihple has migrated into the second porous matrix 14. The cross- 
10 ' hatched regions in Figure 2 represent the areas of liqtiid flow through the first 
pofdus "matrix^ 12 and the se^^ 

r ' ' In aii^ alternative version of this embckiiment, the first separating 
matrix can be an' untreated asymnietric membrane. The untreated asymmefiric 
membrane is constructed in such a way ' that it has a decreasing gradient of pore 
15 size within the membrane. The asymmetric membrane has a first surface aiid a 
second surface; the blood sample is applied to the first surface. The pore size 
decr^ses 'fi^m'^the first surface to tite second 'surface. The Asymmetric 
membnuie is capable of trapping the cellular components of blood within it and 
^Io\i^ing* the liquid 'coniponeiits of biood to pass thrdugh. The first separating 
20 matxijt pfetmits the liquid poitioh of the blood to flow ^^ugh on coiitact with the 
secoitti matrix; as de^ribbd abdveV ' ' 

This device is also depicted by the drawings of Figures' 1 and 2, 
with the first si^ace iS and second surfacb 2(} of the aisymmetric membrane as 
the first porous separation nfiatrix 12. Blood flow is firom the firist surface 18 td 
25 the second sdrface 20 of thfe asymmetric inembrane, 

Asymmetiic membranes suitable for use in on-bdaird separating 
' deivices according to the present invention can be prepared from combinations of 
hydrophobic and hydrophilic'pblymefs, such as disclosed in U.S. Patent No. 
5,240,862 to Koenheii et al. and U.S.' Patent No.' 5,076,925 to Roesink et all 
30 The hydrophobic polymer can be polysuifone, polyether sulfone, polyimide, or 
polyetherimide, and the hydrophilic polymer can be polyvinyl pyrrolidone, 
polyacrylic acid, polyvinyl alcohol, polyvinyl acetate, or polyethylene glycol. 
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In. yet another alternative vej^sion of this embo^iiment, the first 
matrijc. can .be constructed :in such, a way, Qiat only a portion, of the -pad ,is capable 
.of binding thi?. cellular coniponents.,of blood.. In other words,-the pad can be 
divided^ into two. sectors, a ^first sector tint permits, flow^but is not capable ,of 
5 binding the cellular cpmpo^iients pf blpod^ and^a second sector^that is. capable of 
binding tlie c^llular^ components of .bloqd. The second sector can contain^ 
antibodies, lectins, or carbohydrates as described abovq.| The.first..sector^ . 
typically, contains re^gepts for.pretreatment of the blqod san^^e that can be 
premixed into the bjood sample. when the Wood migrates through the, first v^tor. 

10 .-^ . This ^emative, version of .the device is.depieted in.Figure 3;. The 
device 40 has a furst separating matrix 42 with a.first surfap^ 44 and a second, 
surface, 46, with two $ectprs,...a fu-st,se,ctQr 48 .that is not . capable/ of binding the 
cellular components , of blood a^d ^^ second s,ector . 50 that is capable of binding,^ 
the cellular components .of blood.. The.deyice alsohasia second porous ipatrix 

15 52 and a solid siq)Bprt 54., ^ at - . - •: . ' 

In use, a blood sample 56 is, added to .the first surface; 44 of the 
first separating matrix .42, and it migrates from the fu:st .sector 48^tQ .. the .second 
sector 50, typically premixing the reagocits present ion, the^fir^t^s^or 48.mtQ,t^ie 
bipod sample 56 for pretreajtmei^ of the jblppd s^ple 56. Tlie Uquid {^^jtign^^f 

20 the blood sample 56 ihs^ migrates to t^e^secqnij .j^tpus mad1x^52 fixp.tb^^ ^. 
second sector 50; a chromatographic assay caj)^ be^ perfpnn^ in th^ secpnc}..,., , 
porous matrix 52. , ... . , . . 

In still another ^temative, version of .thiS:embodi|nen];,.:tlunee .... . 
element^ are used: . . . . ^. ^ ^. „. ^. 

25 (1) a furst porous separating^inatiix to the li^id Fipition 

of blopd but capable of trapping the cellula^r.comppne^ts^Qf W 

^. ...X2) a second porous separating rpaa±^ 
first porpus separating matrix, jj^nneable tp^ the liquid portipn of blood but 
capable of trapping the cpllular, components pf ^^^ ..... , • 

30 ..(3) a, third pprous matrk in operable contact wth the second 

porous separating matrix that permit ^the Ijquid portion of the blood to flow by 
capillary action, or chromatographic separation through. the second porous mapix. 
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■ ' The separation of tfie liquid portion of ^e blbod frbm the cellular 
components of the blood occurs by flow through the first and second porous 
sepjmting mabices without sigi^ . * ' 

• • ^ ' Ih'this alternative version, the tMrd matrix conlprises the means 
5 for facilitating the flow of the liquid portion of the blood: (i) through interisticeis 
around the trapped cellular components of the blood and (ii) from the second 
matrix:' The tliird 'matrix cairi include a chromatographic assay element. 

Optionally, and preferably, the third madix is fikedly attached to a 
solid support that' is impeimeabie, as described ■ ■ ^ 

10 ^ The first and second matrices can be alike or different; they can* 

coniprise^ariy of tiie alternatives described' above in Section 1(B), including 
matrices containing ia'binder for the cellular components of blood such as a lectin 
or an anti-blood ceiraiitibody. niatrices containing a carbohydrate capable of 
aggregating blood cells, and matrices containing an asymmeitric membrane to trap 
15 blood cells: Matirices wife two sectors can be used. 

' For tliis alternative of the device, i methdd for separating the 
liquid portibii of blood from the celliilar coihpoiients of blood caii comprise the 
steps of: 

* " " ' • (ly "aipplyirig' a sample of blobd to die first porous separating 
20 m^tin of ttie devite; " ^- - . .. 

..I".. / • (2) ' aliowing the blood s^ to how through ttie first porous 
separating inatrix and the second porous separating matrix tb seps^te the liquid 
portion of the blood saicnple from the cellular coinpdnents of the blood sample; 
and ' ''' * ' ' '' "'' ■ ' • - • . 

25 . - N V • jr^ly fa(iiiitatiiig the flow of the liquid portion of the blood through 
the interstices around the trapped cellular components of the blood as a iresult of 
the action of the third matrix. ' ' ' ' 

When the third matrix includes a membrane for chromatographic 
separatibn with a" capture zone, a method for perforining an assay for detecting 
30 and/or determining at least one analyte in the liquid portion of a blood sample ' 
can comprise the steps of: 
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^ . (1) . applying a s^ple of blood to^the first porous separating 
matrix of the device; _ , ^ - v. - 

(2) allowing the -blood Simple, to :flow through the first and -second 
porous separating inatrices .to separate the liquid portion of the., blood sample 

5 from the cellular components of the blood, sample; 

(3) facilitating the flow of the ^iquid portion of the, blpod through 
the interstices around the trapped ^cellular components of the blood as a result of 
the action of the third matrix and; ... 

(4) allowing the liquid portion of the. blood, to flow -through, the., 
10 third matrix so that m assay is performed .in the secpn^ matrix,: the assay being 

performed by binding a meniber of a specific binding pair, to the capture zone of , 
the third niatrix to detect.and/or determine. the,at least .ope analyte. 

. This alternative ver5ion.of the device is shown in Figure 4. The 
device 60 has a first matrix 62, a second matrix,64, a diird. matrix 66, and a, 

15 solid support 68. A blood sample 70, applied to tjie first matrix 62, flow,s . 
through the first matrix 62 and the second matix 6.4; the liquid portion of the 
blood sample then migrates into thp third mtrix 66. A, chromatographic assay 
can be performed in the third matrix 66. ; 

In yet another alternative version, of this embodiment, the device . 

20 can include multiple second porous matrices, each second porous matrix being, in . 
operable contact with the first porous separating matrix.. Each second porous 
matrix can comprise a chronaatographic assay element, with a capture, zone,, as. 
described above. When die second porous matrices include chromatographic. „ 
assay elements with capture zones, a method for performing an assay for 

25 detecting and/or determining at least one analyte in the liquiid portion of a blood 
sample can comprise the steps of;^ ._ ^. , . , . .» s 

(1) applying a sample of blood td the first Ijprous separating 
matrix of the device; ^ 

(2) allowing the blood sample to flow, through the. first porous 
30 separating matrix to separate the liquid portion of the blood sample from the 

cellular components of the blood sample; 
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- '(3) facilitating the'flow of the liquid portion of the blood through 

the interstices around the d-apped cellulair components of the blood as'a result of 
the action of the second- maMces; 'and ^ 

' - (4) allowmg the liquid portibn of the b^ 
5 seconcl matrices so that an assay iis pierfonned in at^ least one of the second 
matrices, the assay being performed by binding a member of a specific binding 
pair to the capture z6he of at Ifeast'bne' of the second matrices' to detect and/or 
detennirie the it least one aiialy^ • ' - ^ 

' ' • ^» in one arrangement; depicted in Figure 5, the device includes two 

10 second porous matrices; one in operable cdiitact with eatH end of the first' poiroiis 
matrix- In' this an^gement; the blobdis applied near the center of the first 
porous matrix, ^aiid inigrate^ outward tb'ttie ends. "Alternatively, three or more 
second porous matrices can be used, eacH'^in operable contact with the first ' 
pdrous^'matrix? The secbril porous matrices caii be arranged circumferehtially 

15 around the first pbirous matrix, like the spokes of a wheel. In this alternative, 
the first porous matrix can be any of the first porous matrices described above, 
including 'the untreated a£^^ 
' - - ' . ' iii' Figure 5, Ae 80 comprises a first porbiis separation 

matrix 82, *with'a'first surfac^ 84 axld'a seconci surface* 86 and first and second 

20 ends 88 and 90/ and two second 'matrices 92 and 94, as well as a solid isupport 
96. ^'tte 'two' secoiid ma^^ aire in contact with the' ends' iB8 and 90 

of the fiu^t^pbious'sepafatioii niktrix 82.' A blood sample 98 is added to the first 
surface 84 of the hi^t pbrbus separation matrix 82 and inigriates through the fir^t 
pbroiis separation matrix 82, With the litjuid portions of the blood sample 

25 migrating into the two second matrices 92' and 94. ' 

' C. Two-Cbmponent Assay Devices 

' Aliother embodiment of the present invention is a two-component 
device ihcorpbratihg the first and second matrices. Such a device, in general," 
30 comprises: ' / 

(1) a first opposable component including: . ^ 

(a) a fir^t porous separating matrix as described above; and 
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.(b). a second pprpus, matrix in operable contact 
first porous separating matrix as described, :ab9ye; and . . . . . . . . , 

(2) a second opposable component attachable tp the 
opposable qomponent such.tha^ the first .opd second: opposable components can be 
5 brought, into, opposition to transfer fluid Itom pne^^pf-the opposable -components to - 
the other by pressure. , , .* ;r • / v s ;. 

. A large nwnber of, embodiments exist .using tvyo ppppsable - 
components. Several alternatives are depicted below, in Figvires 6 and J.-r^These 
alternatives are exemplary and.npt exclusive; a large number, pf forms of the 
10 assay device exists . and. have, been dGScyibjed^ fojr. e?cainple in copeiiding , U ; S . . 
Patent Application Serial No. 08/040,430 jg(K:orgonit^^ te^ reference. 

For.^xample, the..second.oi^IM}sab^^^ , 
sample prq>aration .zone, .which can Jhen. include at least one reagent for. s.. 
treatment of the,sample> This r^gentfan be used.for treat of the sample . 
15 before the sepai^ation of the liquid po^pn .of .the bloojd from tbe cellular v . 
components,.of the blopd. , , , . v> r. y-ri c"^ 

Alternatively, the sample .pi^aratipn zone can mclude,a.sp^ific^; 
binding partner labeled ,>yith a .detec^ble .hb^l, , The, ^ecific , binding partner can 
have specific binding affinity fpr at^lea^t one component sekctedf^ , 
20 analyte and.a.specific binding partner,for tbe .3nalyte...in.a form that can be. 

resolubilized by the additipn of aii aqueous sample.tp the, sample preparation >j:, 
zone. In other words, the labeled, specific . binding partner pan .be. applied to , the 
sample preparation zone in liquid form and.dried down.in sueh.:a way^that it .w^ill 
be redissolyed.,. Typically, when the deyice.is, used for susandwicli.in^un^ 
25 the specific binding partner labeled,.with the (J^^tptjle. lab^l^, specifip, binding ; 
affiniQT for the analyte. 

Alternatively, the first, opposgbjecpmppj^^ can .further mclude a 
sample preparation zone, ^hich,can include a . specific binding partner labeled 
with a detectable label in.resolubilizable fonn. As indicated below, in this case, 
30 the sample preparation zone on the first opposable component would be contacted 
by an element on the second opposable component when the first and second 
opposable components are brought, into oppositipn. This will result in the 
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transfer of the sample; the sample and 'the resdlubilized labeled specific binding 
partner are then appUed to tbe porous pad. 

• --Alteriiatively, in a two-compbneht device, the porous- pad can be 
on the opposite component from the chromatographic medium. * An exampl^ of 
5 this arrangement is shown below in Figure 6. * ^ 

A method for peifoiining an assay for detecting and^or 
■ determining at least one analyte in the liquid portion of a blood sample can 
comprise the steps of :^ 

(1) applying a saihple'of blood to the first porous separating 
10 matrix 'on the first opposable component of the two-componeiit assay device; 

(2) allowing the blood sample to flow through the first porous 
separating matm tb sepai^te the liquid portion of the blood sample from the 
cellular components of the blood sample; 

. ,) - ., - (3) facilitating the flow of the liquid portion of the blood through 
15 the interstices around the trapped celliilaf components of the blood "as a result of 
the aCtidii of tlie secoM matrix ; 

(4) bringing the first and second opposable components into 
oppbsitidh td transfer fluid fix)m one of the opposable components to the other by 
pressuit; alhd " 

20 ' ... j^gy allowing "the liquid portion of the blood to flow through 

second nutrix so that^'an assay' is performed in the second niatrix, the assay being 
performed by binding a meml)er of a specific binding pair to the capture zone of 
the second matrix to detect smd/or determine the at least one analyte. 

Several examples of twcHComponent assay devices are shown. 

25 One geneiral arrahgenient is shown in Figure 6. The assay device 

200 has a first opposable component 202 and a second opposable component 204. 
The first opposable component 20i includes a porous pad 206 for application of 
the sample. The second opposable component 204 contains a chromatographic 
medium 208 . The means for withdrawing a liquid portion of blood from the 

30 porous material is formed by the overlap between the porous pad 206 and the 
chromatographic medium 208 when the first and second opposable components 
202 and 204 are brought into opposition. The chromatographic medium 208 can 
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include a detection zone 210 and a conlrol zone 212. .. The. first .opposable . 
component 202 and the second opposable component 204 are joined .by a hinge 
214. ITie chromatographic medium 20a k in.a.well 216. The first 

opposable component 202 can include a window 218^ for viewing of the 
5 chromatographic medium 208, including the. area of the detection zone 210 and 
the control zone 212. The first and second, opppsable components 202 and 204 
can be held together by engagers, such as diose formed by a beveled edge 220. on 
the first opposable component 202 and an undercut edge 222 on the .second 
opposable component 204. Other types of engagers can also be ^sed. The 

10 device can be accessed through a notch 224 formed in the second ppposable . 
component 204.^ , . ; . . , . 

Another embodiment of an assay device according to the present 
invention comprises a device capable of carrying out bidirectipnal 
chromatography. . This embodiment is shown in F^guref 7. The assay device 300 

15 has a first opposable component 302 and a. second ppposable comppnent,304, 
The first opposable component 302 includes an absorber 306, which can be an 
absorbent pad, and an applicator 308. The second ppposable. component 304 has 
a chromatographic medium 310 having a first end 312 and a^secpnd end 314,..., 
with a detection zone 316 and a control zone 318. The second opppsable, 

20 component 304 also has a conductor 320 in operable contact with the second end ... 
314 of the chromatographic medium 310; the conductor 320 is used for 
application of a reagent in the applicator 308 to the chromatographic medium 310 
when the first and second opposable components 302 and 304 are brought mto 
opposition. The second opposable component 304 also has a pad of porous 

25 material 322 permeable to. the liquid portion of blood but capable of bmding the 
cellular components of blood as described above. The pad of porous material 
322 is in operable comact with the first tjA 312 of the chromatographic medium 
310; this operable contact forms the means for withdrawing the liquid portion of 
blood fix)m the pad of porous material 322. The first and second opposable 

30 components 302 and 304 are joined by a hinge 324. The chromatographic 
medium 310 and pad of porous material 322 are supported in a well 326. The 
first opposable component 302 can include a window 328 for viewing, of the 
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' chromatographic mediiim 310, including the area of the detection zone 316 and 
the cbntrdi zone 318. The first and second opposable components 301 and 304 
can be held together by ^engagers, such as thosefonnedby a beveled-edge 330 on 
the first opposable component 302 aiid an undercut edge 332 on the second 
5 opposable cdmpdnient 304. Other types of engagers can also be used. ^ 'Die 
device can be accessed through a notch 334 formed in the second opposable 
component 304.* 

In use, a blood sample' is appii^ to the porous pad 322 for 
separating' the 'cellular components of blood. The iiquid poitioh of the blood 

10 sample then migrates through the chromatographic inedium 310; at that point, the 
&st and second opposable components 302 and 304 are brought into opposition, 
and a reagent in the applicator 308 is applied to the chromatographic medium 
310 arid migratejs through the chrbmatdgraphic medium 310 in the opposite 
direction frdm the flow of the liquid portion of the blood sample through the 

15 chromatographic medium 310, thus reversing the flow. The reversal of flow is 
driven by the absorber 306. 

This embodiment is particularly suitable for the performance of 
serological assays to detect antibodies in blood samples. For example, if the 
analyte to be detected is human antiboily to 'the'bacterium Helicobacter pylori, 

20 tielieved'to be the cause of stomach ulcers^ a blood sample suspected .of 

contsuning the a^ can be applied to the i)oroiis pad 322 to separate the 
cellular components of tibelslood sample fiom the liquid poitibn of the blood 
sample. The liquid portion of die blood sample then migrates from the porous 
pad 322 to the chroniatographic 'medium 3101 The detection zone 316 can 

25 contain immobilized pylori antigen,' so that any andbody specific for H. pylori 
antigen binds at the detection zdnei The applicator 308 then contains a labeled 
antibody that binds human imcaimoglobiilih G antibody, such as a gold-labbled 
goat anti-himian immunoglobulin G antibody, in resolubilizable form. The 
contents of the applicator 308 are resolubilized by the addition of an aqueous 

30 liquid to the applicator 308. When the ifirst and second opposable components 
302 and 304 are brought into opposition, the applicator 308 is brought into 
contact with the chromatographic medium 310 to apply the labeled anti-human 
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IgG antibody to the chromatographic medium 310. . The absorber 306 then causes 
the labeled anti-human IgG antibody to migrate through .the chromatographic 
medimn 310 in a direction opposite to the flow of the liquid portion of -the blopd 
sample dirough the chromatographic medium 340. Any anti-/f, pylori aiitibody 
5 bound at. the detection zone 316 then become? labeled. ItgQid-labekd antibody 
is used, the presence of anti-//. pylori antibody can be detected visually.. The, 
reverse flow, driven by the absorber 306, acts as a wash to remove, other 
antibody present in th§. sample th?it is not specifip, for H. pylori antigen and is not 
bound at.the detecftipn zone, 316 but would otherwise react with, the. labeled amd- 
10 human IgG antibody and give a background. The use ^of bidirectional, flow , , 
thereffore reduces the background and increases the sensitiyi^ and. reliability pf , 
the test. 

These airangements are exemplary and are not/9xhaustiye;, othe^i: 
arrangements of lw± unidirectional and. bidirectional assay devices acc^ordiag to 

15 the present invention incorporating tiiie porous pad for binding the ceUuhr _ 
components of blood are also within the scope of the present invention. These 
arrangements can include a number of elements. 

For example, in a number of devices according to the present 
invention, absorbers are in operable cqn^ct ,;with one end of ^the chromato^phic 

20 medium, typically the end opposite from the end with^ which contact is made with . 
the pad of porous material. The absorbers can be made of any bibulous material 
that will hold a liguid sufficiently, so liquid can be drawn thrpugh the 
chromatographic medium and accumulated in the absorber. Typical inaterials for 
the absorbers include, but are not limited to, filter paper. 

25 . Additionally, the devices can include one or. more conductors. 

Conductors can serve as a , bridge betweea the p^^^ of porous materiaj and the 
chromatographic mediimi wherefore, constituting the nieans for withdrawing the 
liquid portion of blood from the porous material. These conductors are prepared 
of hydrpphilic media that pass liquids without substantially absorbing, them. 

30 Such materials are well-lqiown in the art. Cellulpse and cellulose derivatives can 
be used. 
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Iii devices accbrdihg to the present invention that employ 
opposable components, ^the bodies of the opposable components are preferably 
made of laminated cardboard that' is . sufficiehdy rnipervioiis-to moisture to 
GontaiA the liquids involved in the performance bf the assay carried out by the 
5 device. Other cellulose-based materials, such as paperboard or solid bleached 
sulfite (SBS) can also be used. Alternatively, the bodies of the opposable 
components can be made of plastic that is impervious to moisture.' A suitable 
plastic is a polycarbonate plastic such as Lexan™- 

- The opposable components are joined by a Hinge, preferably made 

10 of a material impermeable to liquids, such as a plastid that can be compatibly 
joined with or is the same as a niaterial used forthe first and second opposable 
components. . j-.'r. .; * • - 

* A version pardculariy adapted for the performance of bidirectional 
assays can comprise: " ^ \ t . 

15 - * (1) a^first opposable compoiient including: 

- . ■ " - * (a) a^ first porbus separating matrix perineablis to the liquid 
portion of blood but capable of trapping the cellular components of blood; and 

. *: :• - - : L * (b)'a second porous niatrix including a membrane for 
chroxnatbgraphic se^aradon in operable contact with the first porous separating 
20 matrix that peimits the liquid* poridoh of the blood to flow in a first direction by 
capillairy action or chfbmatoigraphid se^ through idle second porous matrix; 
and .'V v. ••■i: . ' 

' (2) k second opposable component attachable to the first opposable 
component such that the first and second opposable components can be brought 

25 into opposition to transfer a reajgeiit from the second opposable component to the 
first opposable component by pressure so brihging the first and second opposable 
components into opposition causes the reagent transferred from the second 
opposable-component to the first opposable component to migrate through the 
secodd porous matrix in a 'sdcond direction opposite to the first direction. 

30 TypicaUy, in this version, the membrane for chromatographic 

separation mcludes therein a capture zone for binding an analyte and the reagent 
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transferred from the seqond opposable, cpmpon^nt ,to ti^e -first opposable 
component is a labeled specifip binding pamerior.the.analyte.;. ■ 

, A method for performing, an assay^for detecting land/pr.- . 
detfinniiung at least one analyte in .the < liquid portion of a blood ,s£unple .using: this 
5 version can comprise the steps. of: ,! . ,. ; :Lf' " , 

.{l).,appiyingja.sampIe'Of tbIoo4 tp the.f^t >porous:separating • , , 
matrix, on the first, opposable component of the :deyice; ...3 ^ - • - - 

(2) allowing the blood sample , to flpw^ .topugh &e^ ,f^^ porous - 
separating matrix to, separate the liquid portion of :the blood^^ample from the 

10 cellular pomponents of the blopd sample; J-: , : ). L:.;r~r>': :;j 

(3) - allowing the, liquid ^portion of fhe Wood saraple to flbw ' 
through the membrane for chromatographic separation in the first direction; ' 

; , (4) bringing lie, first and second, opposable components into 
opposition to transfer the labeled specific binding partner forJhjSranalyteyfirom.tbe 
15 second opposable compon^t to the first.opposable .component .by/ pre^ and 
. (5) allowing the labeled>spepific .binding partner for the analyte to 
flow through the memb^e for. chromatogiapUcisqiarati^^ - c 

directio^ so that an assay is perfprmed^ in, the secprd.niatnx, the assay being 
performed l)y: binding the labele4 specific b^ipjjing parteer capture zonecpf> 
20 the second.matrix to detect and/or 4etermi;;i&lth&,atle^ ^r^^ ,j 

. . ,The description pf «1he :deyice$; a]|)ove is cUrected to assay; devupes . ^ 
that perform one assay at a time. However, assay devices according to the 
present invention.can adsp^be. cot^tmcted th^^ canperfq^ S^ultiple assays at the 
same time. The assays can.be perfprmed for.the.j^ different- 
25 analytes, . This allows the application of multiple, blood samples to a single device 
with the perfomance of multiple assays^ . j^ - . - 

n. DEVICES AND METHODS FOR QFP-BQARD PROCESSING . ; 

Another aspect of the. present invention is a method . for separating 
30 the liquid portion of blood firom ttie cellular components of blood by the pre- 
addition of a binder for the cellular components ofblpod to. a sample of whole... 
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blood before thie mixture is applied to a device'for separating the liquid portion 
of blood from the cellular -components of blood, 

Qne.such method comprises: l.\ „ / ' ' ' . . 

. • (1) adding a cross-linking substance for the cellular components of 
5 blood to a sample-of whole blood, the crbss-iinkirig substance being selected 
from the group consisting of a lectih, an anti-blodd cell antibody, and a 
carbohydrate capable of aggregating blood cells; 

(2) mixing thie crossrlinkirig substance and the blbod sample to 
form a mixture of the cross-linking substance and the blood sample, or allowing' 
10 time for mixing to occur; ^ - . : - ) 

:; , ' (3) applying the mixture of the cross-linking substance and the 

blood sample to a device for separating the liquid portion of blood from the 
cellular coniponents of blood, the device comprising: * ' 

. .I ' -(a) a'pad of porous material penne^^ 
15 of blood- but capable of trapping the cellular components of blood aggregated by 
the ineactibn between die cross^in^ substance and the'blood saniple; 

" ■ (b) a substrate supporting the pad; and ' 

(c) xhesuiis, attached to the pad; for facilitating t^ flow of 
the liquid' pditioii*df the •blckxirXi) through interstices around thie trappied cellulaif 
20 compoiiehts of the blood a^ 

(4) allbwihg'the liquid pbition of the blood to flow through the 
pad'td separate the liquid portion of the blood firoiin the cellular components of 
^the bloods '■ ■ ■■ ■ '■ ' - ■ ' ' 

The separation of 'theiiquid portion of blood ifrom the cellular 
25 components of the blood bound to the binder occurs by flow through the pad 
without significant hemolysis. This method differs from the methods described 
above in that the pad of porous material need not contain a cross-linking 
substance such as an antibody or a lectin; rather' the pad acts as a filter to remove 
cellulai: coinponenits of blood agigfegated by previous binding to the cross-linking 
30 substance, with the binding odcurring before the sample is applied to the pad. 
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. Preferably,^ an anticoagulaiu is add^ . 
substance. A typical andcoagulant,is.BQTA.or.hep?m^^ 
anticoagulants are known. in the art... ; . . .. , . . ^. ^ >. 

. . , Preferably, a concentration of cross-linking substance is used that 
is sufficient to cross-link substantially all cellular elements of blood. , 

The device for separatmg the liquid ,poni_on of blood.fro^ 
ceUular components of blood can be any of the alternatives described aboye in. . 
Section I. with the difference that the pad of -porous material acts as a filter for 
removing already, agglutinated or^aggregated cellular components of blood instead 
of providing means for agglutination or aggregation of the.eellular components. ^ 
, The separated Jiquid portion of the. blood :«m;dien be assayed for 
an analyte as described above, typically by-an immunochromatographic : . 
procedure. If the device used for separating the -liquid portioiB of blw^ 
the cpMar components of blood ,includes,a. chromatographic medmm. as 
described alcove, the assay.cm be perfopned m the deyice;.this.« gepeiafly .-. , 
piefened. .Othetwse. the. separated liguid portion of the ,bl.ood,can:be;driwn pff 
for an assay on another device. These, assays can be perfonned on assay devices 
such as those disclosed in copending V,S. Patent Agplication Serial No. 
08/040,430 by Howard M. Oiandler et al., entitled ."Opposablj^Hement: .c.v; 3^, - 
Chromatographic Assay Device," mrorpprated.=here.in,by;referei^^^^^ ., . r,r 

devices include both unidirectional and bidirectional, assay devices. 

• ^tetnatiyely. instead pf adding tt^^^ 
sample of whole blood, a sample of blood can be added to a capillary tube coated 
with a cross-linking substance, with or wthout manticoag^lmt.^T^^ cross- 
25 linking substance and anticoagulant, if present, .are then aUowed to-;dissolye in . , 
the blopd sample... The blood sample wiA,the.. crpss-linkmg.subst^^ . . , 
anticoagulant dissolyed. therein is. then.appUed to^the.deviqe for sepaiatmg the 
liquid portion ofblood from *e cellular i^n^jients of blood as described 
aboy?. Agam, the device acts. as a filter foi, the agglutinated or aggregated blood 
30 cells. An assay can be performed as, described above. . 
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: • * . This alternative is shown generally in Figure 8, The bibdd sample 
400 is aldded to the capillary tube* 402 arid, after ihixihg; the capillary tube is 
. applied to the sepanition:deviceJ404.--' l- /^ .\ - - 

5 ^ ADVAOTAGES OF THE INVEKnaN " 

The preserit inveihtion provides a rapid, efficient, and simple 
means of separating blood cells' from the liquid portion of blood for the 
performance of specific binding assay such' as immunoassays as well as other ' 
tests. In particular, the present invention provides an integrated device that 
10 incorporates both ian^ assay element and means for separating the liquid portions 
of blood from the ceUular cbiripbnehts of blood so that an analyte preseht in the 
liquid portions of blood can be assayed readily. This avoids the necessity of a 
preliminary extraction of serum or plasma •from ijiood with the intended necessity 
of safe disposal of the blood fractions^ The use of an assay device according to 
15 the present invention allows' for convenient and safe disposal of used test devices. 
AdditionaUy,^ the improved device is capable of direct assay of a desired analyte 
. when a whole blood sample is applied to the device. 

Assay devices according to the present invention can perform a 
broad range of immunoassays, including both sandwich and competitive 
20 izomunoassays. In particular, assay devices according to the present invention 
are suitable for the detection and/or determination of both antigens and 
antibodies. 

Although the present invention has been described with 
considerable detail, with reference to certain preferred variations thereof, other 

25 versions and embodiments are possible. These versions include other 

arrangements of two-component devices that operate by the basic principles 
described herein. These versions include assay devices adapted for competitive 
immimoassays as well as sandwich immunoassays in various arrangements. In 
particular, devices according to the present invention can be adapted to make use 

30 of radial or circumferential flow through a chromatographic medium rather than 
linear flow. Devices according to the present invention can also be adapted to 
perform multiple assays simultaneously, with multiple second porous matrices, 
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arranged cincularly or lljce the ^okes ,o£ ? wheel,; or in.other arrangements. 
Although devices according to the present invention are; particularly adapted for. 
the separation of the liquid portion of blood frpm ~&e xellu}ar:cojnponents.of 
blood and the performance of assays on the liquid portion of blood, devices 
5 according to the pre^nt invention can also be used for tb^j removal of blood cells 
from other body fluids that may contain' theni,>such as cerebrospinal fluid, and 
for assays on such fluids after the: renMval ofT bipod tC.elIS/from^ 
according to the present -invention can. also be adapted. to perfonn\other assays, 
such as eiizyme assays and colorimetiic assays, f ^ > ^ % i-;;: .\ ^ > ; 

10 . , The present invention further encpno^assesrvari^tions. in .which, the 

two, components of the device are not held in a. pema^^ arrangemeilt; 
but can,be separated ajti^ brought togeUier to. perform #e:§^^ such as, by * 
electtical pr ma^etic forces or by.using ajsepju-ablerfastener.su^^^ a hook-and- 
eye fabric, for ex^ple yelcro~ Additionally,: the presient, invention can also , 

15 encompass devices having three cqinponents in a folding arrangement. -, ^ 
Therefore, the scope of fte inventioajk determined by^ following claimSi; .^^.^ 
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. We claim: ". i-- - . * ' • • . . ■ ' 

1 . A device for separating the liquid portion of blood from the 
cellulaj components of blood comprising: . ' - ' 
5 - (a) a pad of porouis material permeable to the liquid' portion of 

blood but capable of trapping the cellular components of blood; 
(b) a substrate supporting the pad; and 

^(c) means, attached to the pad, for facilitating the flow of the 
liquid portion of the blood: (i) through interstices around the trapped cellular 
10 components of the blood and (ii) . from. the pad of porous material; 

whereby the separation of the liquid portion of blood from the cellular 
components of the blood occurs by flow through the pad without significant 
hemolysis. - ' • * ' " .. - ■ : * 

15 ' 2. The device of claim 1 wherein the pad of porous material 

contams a binder for the <^Uukr condcponents bf blood. " 

3. The device of claim 1 wherein the pad is impregnated with 
a carbohydrate capable' of aggregating :blodd cells. 
20 : . > 

. - , ^f. .4 Tfab device .of claim I wherein the pad of porous material 
includes two sectors:^ ■ • - . .> . .. r ' . 

- .(i)'a fiirst'Sector pemieable to btoth the liquid portion of 
blood and the ceUular coinpdheihts 
25 (ii) a second isectdr= permeable to the liquid portion of blood 

but capable of binding-the celliUai: components of blood. ' 



5. The device of claim 1 wherein the pad of porous material 
permeable to the liquid portion of blood but capable of trapping the celluto 
30 components of blood includes therein an asymmetric membrane with a first ' 
surface and a second surface, the membrane having a gradient of pore sizes such 
that the pore size decreases from the first surface to the second surface, the 
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asymmetric membrane capable of trapping the cellular components of blood 
within it and allowing the liquid components of blood to pass through. 

... •v-,:v-r . 

6. The device of claim 1 wherein the. means, attached to the .pad, 
S for facilitating the, flow of the liquid portion of the blood includes therein a 
membrane for chromatographic sep^ation. . j w • V ^ , * ' . 

. 7. A deyice for separating ihe liquid ^portion of blood from the 
cellular components of blood'Cpmprising:-' ; > ; - fi . « . .-j ' 

10 (a) a first porous separating matrix permeable, to the liquid portion 

of blood butxapabie of trapping, the cellular components of .blood; and . , - 
\j ' - (b), a second porous matrix in operable contact with the rfirst 
porous separating matrix that permits the liquid portion of the blood to = flow by 
capillary action or chromatographic separation through the second porous matrix; 

15 whereby the separation of the liquid portion, pf bipod' from :the ceUular 

components of the biood occurs by flow ^through the first and second matrices . , 
without significant hemolysis. 

8. A device forrscpmtingvthe Uquid^^ 
20 cellular components of blood comprising: 

r (a) a first porous sepaniting, matrix permeable .^^ the liquid portion 
of blood but capable of trapping the cellular components of bipod; ; 

; . c . (b) a second porous^ sepjoi^ating matrix in operable contact with the 
first porous separating matrix permeable to^the liquid portion pCblppd but 
25 capable of trapping the cellular cpmppnente of blppd;. and 

(c) a third, poroys matiix^ }n operable contact with the second 
porous separating matrix that permits the liquid portion of the blood to flow by 
capillary action or, chromapgrapWc^separation-through ttie second porous matrix; 
whereby the separation of the liquid portion of the blood from the cellular 
30 components of the blood occurs by flow through the first and second porous 
separatuig niatrices without significant hemolysis. 
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,9 The device bfl:laim 8 wherein either the first porous matrix, 
the second porous matrix, or both the fifst aiid' second porous matrices contain a 
binder f of the ceUular components 

5 10. The'device of claim 8 wherein either ih& first porbus matrix, 

the second poroii^ matrix, or l^btti tHe first aiid second porous matrices are " 
impregnated widi a carbohydrate capable of aggregating blood bells. 

L ■ 'liV The device of clkim 8 
0 the second porous matrix, or both the first axiyd second porous matrices include 
two sectors: 

• ^ (i) a first sector permeable to both the liquid portion of 
blood and the cellular components of blood; iand * ^ 

(ii) a second sector permeable to the liquid portion of blood 
5 but capable of binding -the cellular components of blood. ; 

f = 22. The^ device of claim 8 wherein either the first porous matrbc, 

the secohd ipbrous matrii, or botk the first and' second porous niatrices are 
asymmetric meimbxaii^s with a 'fiirst* surface and a siscond surface, the membrane 
:0 having a gradient of pore sizes such that the pore size decreases from the fir^t ' 
surface ix) the'secb^d' surface, ttie ias^ membrane capable of trapping the 

'cellular components of blobd within it ind allowing the liquid components of ' ' 
'blood tb'pass through. ' ' ' *' ■ * 

15 13. The device bf claim 8 wherein the third matrix includes a 

membrane for chromatographic separatio^^ . -.'^ 

• 14. ' a device for sieparatirig the liquid pbrtion of blood ft"om the 
cellular components of blood comprising: 

JO (a) a first porous separating matrix permeable to the liquid portion 

of blood but capable of trapping the cellular components of blood; and 
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.^.(b) at least two second, porous matrices, each |second porous 
matrix .in,oi)erable contact with .th& first .porous^^separating matrix, tfaattpermits the 
liquid portion of the blood to flow bjj.cap^illaij^- a(^on.or chromatograpW^ ^. 
separation through the second porous matrix; 
5 wherebjf . the separation of the liquid portion of blopjd from the cellular 

components of the blood occurs by.flow. through .the firsjt jind second matricesjr 
without sigmficant hemolysis. ,, , ,. ^ . .. r,..,. v .r— ... 

, . 15. The de\;ice pf claim 14 .wherein. each second matrix includes a 
10 membrape. for chrpmatographic .separation^^ 7v -r: < •.. 

, . . . 16. ^ device, for separating the liquid portion of blood from the 
cellular components of blood cqmprising:: , .. . .. . . . . * . . , . 

(a) .^^first opposable component; including: { 
15 (i) .2| 6xst porous seijaratiiig. matrix .penne^ble^io ,Ae.Uquid 

portion of blood but capable of trapping the cellular components of blood; and 

, _ . (ii) a $econd porous^piatr^ in. operable contact with the 

first porous^ separating matrix tha^ permits .^e Uquid^portioi^ pf thejblood ^o.,flov^ 
by capillary ^ action or chromatographip separation Ihj^ 

20 matrix; and . , ^ , . : , 

(b) a second pppps^bl^ component .attachable^ta 
opposat)k component such that tl^eju^t ^n^^sjscp^d.ppj^^^ can be 

brought into opposition to transfer fluid from one of the opposable components to 
the other by pressure; whereby the separation of the liquid portion of blood from 
25 the cellular components of the blood ocq;p.by flow through the first and second 
matrices of the first opposable component without, significant hemolysis. 

17. . The device of claim .1|6 wherein the second opposable 
component includes a sample preparation zone.. 

30 . . , , . . , - 

'1 .1 ' . J. . ... . . ■ 

18. . The disvice of claim 17 wherein the sample preparation 
zone includes a speciflc binding partner labeled with a detectable label, the 
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specific binding partner having specific binding affinity for at least one 
compfoiient selected from the analyte and a specific binding partner for the' 
analyte in a form that caii be resolubiIi^d 6y the addition of an aqueous sample 
to the sample preparation zone. 
5 " ■ ^ ' 1-. . " ■ ' . • ••■ 

19. The devicb of claim 16 wherein at least one of the first and 
second opposable cbnipbhehts further iiicludes a sample preparation zone 
including a specific biiiding partner labeled with detectable label, the specific 
binding partner having specific binding affinity for at least one component 

10 selected firom the analyte and a specific binding partner for the anal3^e in a form 
that can be resolubOized by thei addition of ah aqueous sample to the sample 
preparation zone. 

20. A device for separating the liquid portion oif blood from the 
15 cellular components of blood comprising: 

' ' ' (a) a first opposable component including: 

(i) a first porous separating matrix permeable to the liquid 
portion of blood but capable of trapping the ceUular components of blood; and 
: . . i. . ..^ . -IT.. ./ 'o^y a second porous matrix including a membrane for 
20 chromatographic separation in operable contact with the first porous separating 
matrix that permits the liquid portion of the blood to fiow in a first direction by 
'bapiiiary action or chrbmatogtapliic separation through the second porous matrix; 
■'and' ' *■ ^ V'- 

(b) 'a second opposable component attachable to the first opposable 
25 component siich that the first arid second opposable components can be brought 
into opposition to transfer a reagent from the second opposable component to the 
first dpposable compbneiit by pressure so bringing the first and sebond opposable 
components into opposition causeis the reagent trarisferred fix)m the second 
opposable component to the first opposable component to migrate through the 
30 second porous iinatrix in a second direction- opposite to the first direction; 
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whereby the separation of the liquid portion, of. blood , from the cellular 
components of ?he blood occurs by flpw thrpu^ the first and . second, matrices of 
the first opposable component without significant hemolysis. 

5 21. The device of claim 20 wherein the membrane for 

chrojnatographic separation includes ther9in a capture zone for ^binding an analyte 
and the reagent transferred from the second. Qppc|sable., component, to. the first, 
opposable conaponent . is ji,la|bele4,^^^ . , 

10 , 22.. The. device. of apy pf clain^ 7, 14^ or 1^6 wherein the. first 

porous, separating matrix contains a binder forvthe^pellular cpnjpoM 

23. The device of any of clauns 2, 9, or 22 wherein the binder is 
an anti-blood -cell, antibody. . ,. ....... ,.r 

24. The device of cll|i^l,23..whe]tjem^.t^^^ andrblood ceU antibody is 
an anti-erythrocyte. antibody. . ... ... , - 

, .25, , The devipe of .any qf ..daims.^?^,..g, ,pr.,22 wherein the binder is 
20 a lectin. 

\ , lu. .ij . . j.i.- r-'i.-::/:! J-..?::: i';.; -"r: 

. . 26.., The. device. of clam 25 .wherein Ihe^lectin is selec]ted_from the 

group consisting of concanavalin A, abrin, phytohaemagglutinin, limulin, and the 

lectins produce^i.Jby the follo\ying species: .Agaricus bisporu^, Anguilla anguilla, 

25 Arachis hypogaea, BwideiraeciMmplic^^^ BauJfinia purpurea,: 

arporescens, Cicer arietinuniy Codium fragile Djonira stramoni^^ Dplichos, . 
biflprus^, Erythrinaxorallodendron, Erythrina cristqgal^^ ^uropaeus. 
Glycine, max, Helix^aspersa, Helix ppmatia^ .Latfjyrus odpratus. Lens culinaris, 
Lycopersicm esculentum,. Madura poxnifera, Mqmordicaxharantia,. Mycoplasma 

30 gallisepticum, Naja mocambique, Naja kaouthia, Perseau americana, Phaseolus 
coccineus, Phaseolus limensis, Phaseolus vulgaris, Phytolacca americana, Pisum 
sativum, Pseudomonas aeruginosa, Psophocarpus tetragonolobus, Ptilota 
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plumosai Ricinus communis^ Rabihid pseudbacacid, Sambucus nigra, Solanum 
tuberosum, Sophora japonica, Tetragonolobiis purpureas,* Triticiim vulgaris, ' Ulex 
europdeus\ Vicid fiibdi Vicia sativa,' Vicia viUosa, Vtgna radiata, Viscwn album, 
and Wisteria floribunda, • ' i ' * - . " - . : 

27. The device of smy bf ciaiins 7, 14, or liS wherein die first 
porous separating matrix is impregnated with a carbohydrate capable of 
ajggiegSLting blood ceHs/ ' ' ' • . « , - 

10 28: ' The device of any of claims 3, 10' or 27 wherein the 

carbohydrate is selected firbrii t^^^ sbrbitol, inositol, 

/3-D-glucose, a-D-glucose, D(+)xylose, D(+)m^ D(-)arabinose, 
L(+)arabinose, D(+)galactose, L(-)xylosey D-giucoheptbse, L-lyxose, lactose, 
maltose, and sucrose; ' • ' ' ' 

" I. : 291 "The device of claim 28 wherein thie carbohydrate is mannitol. 

30. The devicd of 2my' of claims 7 or 16 'wherein die second 
' 'roatrix incliuies'a membrane ifor ct^ separation. 

- • * 3i. rae dievlM df amy 15; or 30 wherein the* 

membrane for chromatogdipinc sepatatldii bas a capture zone thereon for binding 
a' member oif a specific binding' p ' 

25 32/ The device of*ahy of claims 7 or 16 wherein the first 

sepiarating inaoix is am a first surface and a second 

surface, t^e membraxie having a gradient of pore sizes such that the pore size 
decreases from the first surface to the second surface, the asymnietric membrane 
capable of trapping the cellular components of blood within it and allowing the 

30 liquid components of blood to pass through. ' ' 
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. ..33. TlJe-dey'ceofanypCplainBj-or.llSwte .. 
separating matrix ineludes two sectors:, . , , , 

. " . ■. ® ff^«t se(3or-prameabIfrto bp^ 
blood and the cellular components of blood; and 

^ (") * second sector permeable to the liquid portion of blood 

but capable of binding the cellular, cpinppnentS;of.bIopd. ^' . - 

34. A method for separating the liquid portion qplpo^ fippi 
the celhilar components of blood comprising the steps of: 

. (a) adding a cross^linking substance for thc.-ceUuJar components of , • 
blood to, a sample of ^^rhole jslood, the crpss-linldng substance being selected 
fiom the groupconsisting of a lectjn, an,Mti-blood;^ antibqti^,^ and- g . - 
carbohydrate capable of agglutinating blood cejtts; . 

(b) mixing the cross-linking substance and the. bipod sample to. 
15 fonn a mixture of the cross-linking substance and the blood sample; 

(c) applying the.mixture of the cross-linking M^ 

blood sample to a device for separating the liquid portion of blood from the 
cellular cmi^nents of blood, the device ,comprismg:„ , , . 

r ® ^ pad of pprpus materia p^able, to. tte jpqrtion 
20 of blood but capable of trapping the ceUular components of blood aggregated by 
the reaction between the <OTss-linkiijj|. s)*stance and. t^^ bipod sample; 
. ■(:. ;• . (") a substrate, s^orti^ the,.pa^;.aj^^^ 

(ill) means, attached tOitite,pa<l, for fecilitating the flow, of 
the Uquid portion of the blood: (1) through interstices around Ac trapped ceUular 
25 components of the blood and (2).from the^psd-^f jwrous.material, whereby the . . 
separation of the liquid portion of blood .from, the^^ceUu^ar comppnents of the. 
blood occurs by flow tiirough the pad without significant hemolysis; apd 

. . . (d) aUowmg the liquid portion of the blood to,flow,tiirough die 
pad to separate the Uquid portion of the blppd.from the ceUular components of 
30 the blood. 
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35: The method of claim 34 fdither comprising adding an 
anticoagulant together with the crbss-linl^ 

' 36; * A method for sepailiting the Uqiiid 
5 ceUular con^onents' of blood compnsihg ^ 

(a) adding a sampled of blood to a capillary tube coated with a 
CFOSS-linldng substance, the cross-linking substance being selected from the group 
consisting of a lectin, an anti-blood cell antibody, and a carbohydrate capable of 
aggregating blood cells; 
10 (b) allowing the cross-linking substance to dissolve in the blood 

sample to form a mixture of the cross-linking substance and the blood sample; 

(c) applying the mixture of the cross-linking substance and the 
blood sample to a device for separating the liquid portion of blood from the 
cellular components of blood, the device comprising: 

15 (i) a pad of porous material permeable to the liquid portion 

of blood but capable of trapping the cellular components of blood aggregated by 
the reaction between the cross-linking substance and the blood sample; 

(ii) a substrate supporting the pad; and 

(iii) means, attached to the pad, for facilitating the flow of 
20 the liquid portion of the blood: (1) through interstices around the trapped cellular 

components of the blood and (2) from the pad of porous material, whereby the 
separation of the liquid portion of blood from the cellular components of the 
blood occurs by flow through the pad without significant hemolysis; and 

(d) allowing the liquid portion of the blood to flow through the 
25 pad to separate the liquid portion of the blood from the cellular components of 

the blood. 



30 



37. The method of claim 36 wherein the capillary tube is also 
coated with an anticoagulant together with the cross-linking substance and the 
anticoagulant is allowed to dissolve in the blood sample. 
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38. The method pf any of claims 35 or 31 wherein the 
anticoagulant is selected from the group consisting, of EDTA a^d heparin. . 

39. The. method pf any of claims 34 pr 3^^ 

5 concentration of cross-linking substance, is used, that. is. sufficient to cross-link . 
substantially ail cellular elements of blopd., , . ^ 
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